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Description 



[0001] The present invention relates to a device for 
controlling the working conditions of a self-propelled ve- 
hicle. 

[0002] As is known, setf-propeiled vehicles, particu- 
larly when comprising propelling means of the hybrid 
type, such as an electro-mechanical transmission, are 
equipped with a single pedal-, lever- orpedal-and-lever- 
operated device for regu lating the travelling speed of the 
vehicle according to the gear ratio set in the transmis- 
sion. 

[0003] In the case of a diesel internal combustion en- 
gine, in particular, fuel injection can be governed to ob- 
tain the best conditions in temns of specific consumption, 
noise level, etc. 

[0004] All this, however, fails to take into account that 
a PTO commonly Is drivingly connected to the engine; 
the PTO being the device by which the vehicle supplies 
power externally towards one or other implement by 
means of a rotary shaft. When connecting the PTO, in 
fact, the operator must also select its rotational speed, 
which is nomnally set to 540, 750 or 1000 rpm, depend- 
ing on the type and size of the implement attached to 
the PTO. 

[0005] Consequently, since the PTO is connected me- 
chanically to the output shaft of the intemal combustion 
engine, a variation in the rotational speed of the drive 
shaft to adapt it to the best PTO conditions also results 
in a variation of the travelling speed of the vehicle, which 
is obviously not desired. 

[0006] By way of an inventive solution, it is therefore 
proposed to separate the speed of the vehicle from that 
of the drive shaft connected directly to the PTO. This of 
course calls for a power unit permitting internal gear ra- 
tio adjustment to separate the speed of the internal com- 
bustion engine from that of the vehicle, and so obtain 
both the required PTO and vehicle speeds. 
[0007] In this case, the system continues to provide 
the required vehicle travelling speed, but at the expense 
of minimum consumption, low noise, etc. 
[0008] It is therefore an object of the present invention 
to provide a device for controlling the working conditions 
of a self-propelled vehicle, as defined in the accompa- 
nying claims. 

[0009] A non-limiting embodiment of the present in- 
vention will be described by way of example with refer- 
ence to the accompanying drawing, which shows a sim- 
plified overall diagram of the power unit of a self-pro- 
pelled vehicle comprising the device according to the 
present invention. 

[0010] Number 1 in the accompanying drawing indi- 
cates as a whole a power unit of a self-propelled vehicle. 
Unit 1 comprises an intemal combustion engine 2, In 
particular a diesel engine, for supplying mechanteal 
power to a first propeller shaft 3, which is connected me- 
chanically to a second propeller shaft 4 by a torque-lim- 
iting device 5 for connecting/disconnecting shaft 3 me- 



chanically to/from shaft 4. 

[0011] At the distal end of device 5, second shaft 4 
terminates in a planet carrier 6 of an epi-cyclic gear train 
7, and supplies part of the power to a clutch 8 of a PTO 
5 (not shown). 

[0012] In addition to planet carrier 6, epi-cyclic gear 
train 7 also comprises a sun gear 9, a ring gear 10, and 
a number of planet gears 11 . Planet can-ier 6 is rotated 
by internal combustion engine 2 in a conventional man- 
10 ner about an axis X1 , while planet gears 1 1 are rotated 
about axes X2, parallel with axis XI , as described in de- 
tail later on. 

[0013] Sun gear 9 is integral with a gear 1 2 for trans- 
mitting power to, or receiving power from, an electric 
15 machine 13 via a gear 14 meshing with gear 12. De- 
pending on the operating conditions of power unit 1 , 
electric machine 13 acts either as a generator or as a 
motor (see below). Electric machine 13 is connected 
electrically to a power converter 1 5 over an electric line 
20 16. 

[0014] Ring gear 10 of gear train 7 is integral with a 
gear 1 7 meshing with an idle gear 1 8 provided on a shaft 
19 of a further electric machine 20, which is also con- 
nected electrically to converter 15 over an electric line 
25 21 and, depending on the operating conditions of unit 1 , 
also acts as a generator or motor (see below). 
[0015] Shaft 19 further is provided with a gear 22, fix- 
edly connected thereto and meshing with a gear 23 fitted 
to a shaft 24. Shaft 24 fixedly supports a gear 25 mesh- 
30 ing with idle gear 1 8. At one end of shaft 24. a brake 26 
is provided, whereas at the other end conveniently, 
though not necessarily, a dual-ratio transmission 27 
may be fitted for transmitting power to a differential 28 
connected to the rear wheels (not shown) of the vehicle. 
35 [0016] A shaft 29 extends between transmission 27 
and differential 28. and is fitted with a gear 30 meshing 
with a gear 31 f omning part of a device 32 f ortransmltting 
power to the front axle of the vehicle. 
[0017] An electric-energy storage device 33, such as 
40 a set of batteries, is connected electrically to converter 
15 over an electric line 34. 

[001 8] All the operations perfomed by unit 1 are con- 
trolled by an electronic central control unit 35 connected 
electrically to converter 1 5 and engine 2 over respective 
45 electric lines 36, 37. 

[0019] The output speed of unit 1 is selected by the 
operator by means of a control pedal 38a or lever 38b. 
In other words, vehicle speed is selected by the operator 
by selecting a given tilt angle a of pedal 38a or lever 38b . 
50 [0020] Normally, when power is drawn solely from en- 
gine 2 and machine 1 3 acts as a motor, machine 20 acts 
as a generator, and vice versa. Which machine 1 3 or 20 
is to act as a motor and which one as a generator is 
detennined by central control unit 35 acting on converter 
55 15. Only in a so called "over-boosting" situation, both 
electric machines 13, 20 act as motors, or electric ma- 
chine 13 acts as a motor and no power is drawn by elec- 
tric machine 20. 
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[0021] Gear train 7 and gears 12, 14, 17, 18. 22, 23 
and 25 define a device 39 for dividing/combining the 
power supplied by engine 2 and supplied/drawn by ma- 
chines 13. 20. More specifically, the mechanical power 
stream Is first divided into two streams. One of these Is 
converted from a mechanical to an electric power 
stream which can be manipulated easily by controlling 
torque factors and the rotational speed of the drive shaft. 
Obviously, for a given power, increasing torque auto- 
matically reduces the rotational speed of the drive shaft, 
and vice versa, so that the product of the two remains 
constant. Manipulating one power stream, however, au- 
tomatically affects the other. The torques supplied in the 
mechanical and electric power streams are interrelated, 
in the sense that reducing the torque factor of one 
stream also changes the torque of the other. The sum 
of the two torques, however, in each case is the torque 
value to be transmitted to the wheels to move the vehi- 
cle. 

[0022] In otherwords, If PI Is the power first converted 
to electric power and then back to mechanical power, 
and P2 the power that remains mechanical at all times, 
the sum of PI and P2 is the traction power transmitted.' 
Consequently, manipulating power PI is tantamount to 
also manipulating power P2, i.e. by regulating power PI 
electrically, it is also possible to regulate unconverted 
mechanical power P2. 

[0023] A detailed description of the operation of unit 
1 can be found in Italian Patent Application 
BO2000A000607 filed by the present Applicant, the 
content of which is to be considered an integral part of 
the present invention. 

[0024] In short, mechanical power is processed by 
unit 1 as follows: 

- the mechanical power is divided into two streams; 

• a first mechanical stream is converted Into an elec- 
tric stream which is manipulated according to the 
required working conditions of the power unit; and 

- the electric power is converted back to mechanical 
and is combined with the second mechanical 
stream whfch meanwhile has been conditioned for 
balance by the first stream. 

[0025] The object of the present invention is a control 
device AC for controlling the working conditions of unit 
1 , and which comprises two separate devices. A first de- 
vice D1 , in turn comprising pedal 38a and lever 38b, is 
operable to only controlling the travelling speed of the 
vehicle powered by unit 1 . A second device D2, In turn 
comprising a control lever 38c, is operable to set the ro- 
tational speed of shaft 3, and hence the rotational speed 
of the PTO, by means of a command signal entered In 
and processed by central control unit 35. 
[0026] The commands Imparted by first device D 1 via 
pedal 38a or lever 38b serve solely to control the trav- 
elling speed of the vehicle. Device D1 comprises an 
electric angle transducer (not shown) and directly con- 



trols the speed of electric machines 13, 20, which, to- 
gether with the rotational speed of shaft 3, ensure the 
required travelling speed of the vehicle as described in 
detail in the already mentioned Italian Patent Application 
5 BO2000A000607. Device D1 Is therefore calibrated in 
km/h. 

[0027] As already stated, a lever 38b, fomiing part of 
device D1 , is electrically parallel with pedal 38a, and has 
a mechanical position memory so that the travelling 
10 speed of the vehicle, which is constant for each position 
of lever 38b, can be pre-set with no need for contlnuaj 
position control of pedal 38a. which is of a spring-return 
type for added operator comfort. Of the two signals 
transmitted by pedal 38a and lever 38b, priority is as- 
'5 signed by the electronic program processed by central 
control unit 35, which may, for example, privilege the 
highest one of the two set values. 
[0028] One aspect of the present invention which 
should be stressed is that there is no direct relationship 
^0 between the signal of device D1 and the rotational 
speed of output shaft 3 of engine 2. 
[0029] Second device D2 comprises a lever 38c, and 
provides for setting the rotational speed of shaft 3 and, 
therefore, of the PTO. As already mentioned, the rota- 
?5 tional speed of the PTO must be selected around stand- 
ardised reference values, such as 540, 750 and 1000 
rpm, depending on the type and size of the implements 
to be powered by the vehicle, in particular a tractor, in a 
manner such that the implements operate correctly. 
w [0030] The main object of the present invention is 
therefore to provide for direct control of the speed of en- 
gine 2 when the PTO is connected, with priority over the 
electronic control of the speed of the vehicle by device 
D1. 

5 [0031] Forthis purpose, the present invention propos- 
es to provide a second command by means of lever 38c 
of device D2, which generates a proportional electric 
signal and which is only enabled when the PTO is con- 
nected mechanically and therefore when clutch 8 of the 
^ PTO is activated. The second command acts on an ac- 
tuator (not shown) controlling the Injection pump of en- 
gine 2, so as to establish a direct relationship between 
the tilt of lever 38c and the speed of engine 2, and at 
the same time detennines the rotational speed of the 

45 PTO. 

[0032] When the PTO Is connected, device D2 there- 
fore functions in the same way as a conventional me- 
chanfcal accelerator control, and the electronic control 
of the actuator of the engine Injection pump functions as 
so a conventional regulator. That is, the electronic control 
adapts the Injection pump setting to compensate the 
speed of engine 2 to take account of variations in the 
resisting load of the PTO, so as to ensure the predeter- 
mined PTO speed (540, 750 or 100 rpm). 
55 [0033] The travel of lever 3Bc of device 02 may be 
calibrated in PTO speed ranges, e.g. the three speed 
values indicated above. 

[0034] Since operation of the PTO normally results in 
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an increase in the rotational speed of shaft 3, electric 
machines 1 3, 20 provide for redistributing the speeds in 
accordance with the command coming from the device 
D1. The command signal from device D2. however, 
must obviously have priority over that of device D1 . 
[0035] Priority of the second command by device D2 
over that of device D1 could give rise to situations In 
which the power output of engine 2 is greater or less 
than the total power actually required by the vehicle 
wheels and PTO. In an over-power situation, engine 2 
would operate below maximum torque, thus increasing 
consumption and noise level, as on conventional vehi- 
cles; whereas, in an under-power situation, given the 
maximum speed limitation of engine 2, the vehicle would 
have to travel at a lower speed than the device D1 set- 
ting until a balance is' reached between the total power 
transmitted (traction and PTO) and the power supplied 
by the engine 2 according to the command of device D2. 
[0036] It should be pointed out that, on cun-ent vehi- 
cles, on the other hand, engine speed would fall gradu- 
ally until the engine eventually stops, unless the opera- 
tor would downshift through one or more gears. 
[0037] Clearly, changes may be made to the device 
as described and illustrated herein without, however, 
departing from the scope of the present invention. 
[0038] For example, in an embodiment not shown, de- 
vice D2 may be eliminated, and lever 38b may be se- 
lectively disabled from controlling vehicle speed, and 
enabled to control the speed of the diesel engine. For 
this purpose, lever 38b may be provided with a button 
(not sh own) for cutting out vehicle speed control by lever 
38b when the PTO clutch is engaged. 
[0039] Though device AC, which is the main object of 
the present invention, is described with reference to the 
particular power unit embodiment shown in the accom- 
panying drawing, the teachings of the present invention 
may also be applied advantageously to any other hybrid 
driving unit, and therefore also. to a hybrid unit provided 
in series, wherein at least part of the mechanical power 
is converted to electric power. In other words, the teach- 
ings of the present invention may be applied to a power 
unit wherein at least part of the power is manipulated 
electrically and acts as a "storing means" to separate 
the travelling speed of the vehicle from the output speed 
of the intemal combustion engine. 



Claims 

1. A device (AC) for controlling the operating condi- 
tions of a self-propelled vehicle, and 

characterized in that the device (AC) com- 
prises aflrst device (D1 ) for controlling the travelling 
speed of the self-propelled vehicle, and a second 
device (D2) for controlling the output speed of an 
internal combustion engine (2); said first and sec- 
ond devices (D1 , D2) being separate from each oth- 
er. 



2. A device (AC) according to claim 1 , characterized 
in that said second device (D2) also controls the 
rotational speed of a PTO. 

5 3. A device (AC) according to claim 1 or 2, character- 
ized in that the operating conditions of said second 
device (D2) affect the operating conditions of said 
first device (D1). 

10 4. A device (AC) according to any of the preceding 
claims characterized in that a command from said 
second device (D2) has priority over the speed of 
said engine (2) set by an operator by means of said 
first device (D1). 

15 

5. A device (AC) according to any of the preceding 
claims, characterized in that the device (AC) is a 
part of a power unit (1) of a self-propelled vehicle; 
the power unit (1) comprising an internal combus- 

20 tion engine (2) and at least two electric machines 
(13, 20); and said internal combustion engine (2) 
and said two electric machines (1 3, 20) of the power 
unit (1) being connected mechanically to a device 
(39) for dividing/combining the power supplied by 

25 said internal combustion engine (2) and supplied/ 
drawn by said electric machines (13, 20). 

6. A device (AC) according to claim 5, characterized 
in that said electric machines (1 3, 20) may operate 

30 both as generator or as motor. 

7. A device (AC) according to claim 5 or 6, character- 
ized in that said power unit (1) also comprises a 
clutch (8) for selectively engaging said PTO. 

35 

8. A device (AC) according to claim 7, characterized 
in that engagement of said clutch (8) automatically 
disables any control over the speed of said engine 
(2) by the electronic control of the system on the 

40 basis of a signal from said first device (D1 ). 

9. A device (AC) for controlling the operating condi- 
tions of a self-propelled vehicle, and 

characterized in that the device (AC) com- 
45 prises first means (38a) for controlling the travelling 
speed of the self-propelled vehicle, and second 
means (38b) for controlling the travelling speed of 
the self-propelled vehicle or altematively, for con- 
trolling engagement of a PTO. 

50 
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